Sulfonyl groups are useful protecting groups for amino groups, because of the electron-withdrawing effect, high stability, and ease of formation. 2-Unsubstituted and 2-substituted N-monosulfonylarylamines have been used for the synthesis of various indole derivatives. For example, the reaction of lithium N- (p-toluenesulfonyl)anilide with propynyliodonium triflate gave 2-methyl-1-(p-tolylsulfonyl)indole.
However, the preparation of the N-sulfonylarylamines is sometimes troublesome in that the reaction of some arylamines with sulfonyl chlorides gives a mixture of N-monosulfonyl-and N,N-disulfonylarylamines. For example, in the course of our synthetic study concerning indole derivatives, when 2-iodo-4-bromoaniline was allowed to react with 1 eq of methanesulfonyl chloride in pyridine, the expected Nmonosulfonylaniline was obtained in 63% yield along with the N,N-disulfonylaniline (5% yield) and the starting material (30% yield) as shown in Chart 1. When the reaction was carried out until the starting material disappeared with excess methanesulfonyl chloride, the product was a mixture of the N,N-disulfonylaniline and the N-monosulfonylaniline.
Few reports 4) for the monodesulfonylation of N,N-disulfonylarylamines are known. While N,N-bis(trifluoromethylsulfonyl)aniline was easily monodesulfonylated with various nucleophiles, 4b) relatively drastic conditions, hydrolysis with 20% aq. KOH in pyridine, for the monodesulfonylation of N,N-bis(methylsulfonyl)anilines was required. 4a) On the other hand, we reported 5) that tetrabutylammonium fluoride (TBAF) is a good desulfonylation reagent for N-sulfonyl heteroaromatic compounds. Based on this background, we now report the monodesulfonylation of N,N-disulfonylarylamines with TBAF in tetrahydrofuran (THF) at room temperature with a short reaction time.
Various arylamines were sulfonylated with an appropriate amount of sulfonyl chlorides in pyridine until the starting arylamines disappeared by silica gel TLC. From the results shown in Table 1 , the tendency that anilines having electrondonating groups yielded monosulfonylated products (Table 1 , runs 1-3) and anilines having electron-withdrawing groups gave disulfonylated products (runs 4-10) was confirmed. N,N-Disulfonylated 2-methoxy-(3a) and 4-methylaniline (3b) were prepared by the sulfonylation of the corresponding Nmonosulfonylanilines (2a, b) in the presence of sodium hydride in THF.
At first, the desulfonylation of N,N-bis(methylsulfonyl)-2-nitroaniline (3fa) with TBAF was examined. The reaction with 1.1 eq of TBAF at room temperature for 15 min gave Nmethylsulfonyl-2-nitroaniline (2fa) in quantitative yield ( Table 2 , run 8). However, under the conditions using 0.5 eq of TBAF at room temperature, 3fa was not completely monodesulfonylated (run 7). The monodesulfonylation reaction of N,N-bis(phenylsulfonyl)-(3fb) and N,N-bis(p-toluenesulfonyl)anilines (3fc) with 1.1 eq of TBAF at room temperature smoothly gave 2fb and 2fc in 93 and 97% yields, respectively (runs 9 and 10).
While the reaction of N,N-bis(phenylsulfonyl)-2-methoxyaniline (3a) with 1.1 eq of TBAF in THF for 0.5 h under reflux gave the corresponding N-monosulfonylaniline (2a) in 98% yield (Table 2 , run 1), the reaction of 3a at room temperature for 3 h did not proceed to completion and afforded 2a in 30% yield (run 2). On the contrary, the monodesulfonylation reaction of N,N-disulfonylanilines with electron-withdrawing groups such as N,N-bis(p-tolylsulfonyl)-4-acetyl-(3c), N,N-bis(phenylsulfonyl)-4-ethoxycarbonyl-(3d), and N,N-bis(methylsulfonyl)-2-cyanoanilines (3e), easily proceeded in a short time to give the corresponding N-monosulfonylanilines (2c-e) in excellent yields (94-100%) without affecting the acetyl, ethoxycarbonyl, and cyano groups. As a result, the mono-desulfonylation reaction of N,N-disulfonylanilines having electron-withdrawing groups tended to proceed easily under these conditions.
The mono-desulfonylation reaction conditions were also applicable to N,N-disulfonyl heteroarylamines such as 2-[N,N-bis(methylsulfonyl)amino]pyridine (3g) and 2-[N,Nbis(phenylsulfonyl)amino]pyrimidine (3h) to give the desired N-monosulfonyl heteroarylamines (2g, h) in good yields.
From a practical view point, we next examined the synthesis of N-sulfonylarylamines. As shown in Chart 2, 2-aminobenzonitrile (1e) was allowed to react with 2 eq of methanesulfonyl chloride to give a mixture of the N-mono-(2e) and the N,N-bis(methylsulfonyl)anilines (3e) and the mixture was treated with 10 eq of TBAF at room temperature to give 2e in quantitative yield. This result shows that even if a mixture of N-mono-and N,N-disulfonylarylamines is produced by the sulfonylation reaction of arylamines, N-mono-sulfonylanilines can be prepared in high purity by monodesulfonylation reaction with TBAF without affecting other functional groups.
Experimental
General Comments All melting points are uncorrected. IR spectra were taken on a JASCO IR-810 spectrophotometer. (Hz) . The following abbreviations are used: sϭsin-glet, dϭdoublet, tϭtriplet, mϭmultiplet, ddϭdoublet of doublet, brϭbroad, and br sϭbroad singlet. Mass spectra (MS) were recorded on JMS-DX303 and JMS-AX500 instruments.
General Procedure for the Sulfonylation Reaction of Arylamines (1) (Table 1) The sulfonyl chloride was added to a pyridine solution of an arylamine at 0°C. After stirring at the temperature and for the time shown in Chart 2 AcOEt layer was dried over MgSO 4 , and the solvent was removed under reduced pressure. The residue was purified by silica gel column chromatography using an appropriate solvent as the eluent to give the product which was recrystallized from an appropriate solvent. Methylsulfonylation Reaction of 4-Bromo-2-iodoaniline Methanesulfonyl chloride (46 mg, 0.4 mmol) was added to a pyridine (3 ml) solution of 4-bromo-2-iodoaniline (118 mg, 0.4 mmol) at 0°C with stirring. After stirring at room temperature for 12 h, the mixture was diluted with H 2 O (50 ml) and extracted with AcOEt (30 mlϫ3). The AcOEt layer was dried over MgSO 4 , and the AcOEt was removed under reduced pressure. By analyzing the 1 H-NMR spectrum of the products, the yields of N-methylsulfonyl-4-bromo-2-iodoaniline and N,N-bis(methylsulfonyl)-4-bromo-2-iodoaniline, and the starting material were determined to be 63%, 5%, and 30%, respectively.
Phenylsulfonylation Reaction of 2-Methoxyaniline (1a) According to the general procedure, the crude product obtained from the reaction using benzenesulfonyl chloride (0.26 ml, 2.0 mmol), pyridine (10 ml), and 2-methoxyaniline (1a) (246 mg, 2.0 mmol) was purified by silica gel column chromatography using AcOEt-hexane (1 : 4) as the eluent to give N-(phenylsulfonyl)-2-methoxyaniline (2a) as colorless plates which were recrystallized from acetone-hexane. p-Tolylsulfonylation Reaction of 4-Methylaniline (1b) According to the general procedure, the crude product obtained from the reaction using ptoluenesulfonyl chloride (1.33 g, 7 mmol), pyridine (10 ml), and 4-methylaniline (1b) (750 mg, 7.0 mmol) was purified by silica gel column chromatography using AcOEt-hexane as the eluent to give N-(p-toluenesulfonyl)-4-methylaniline (2b) as colorless plates which were recrystallized from acetone-hexane. Yield 235.0 mg (90%), mp 116°C (lit. 6) p-Tolylsulfonylation Reaction of 4-Aminoacetophenone (1c) According to the general procedure, the crude products obtained from the reaction using p-toluenesulfonyl chloride (1.9 g, 10 mmol), pyridine (10 ml), and 4-aminoacetophenone (1c) (270 mg, 2.0 mmol) were purified by silica gel column chromatography using AcOEt-hexane (1 : 4) as the eluent to give 4-[N,N-bis(p-tolylsulfonyl)amino]acetophenone (3c) (270 mg, 30%) from the first fraction as colorless plates which were recrystallized from acetonehexane and 4-[N-(p-tolylsulfonyl)amino]acetophenone (2c) (340 mg, 59%) from the second fraction as colorless crystals which were recrystallized from acetone-hexane. Phenylsulfonylation Reaction of Ethyl 4-Aminobenzoate (1d) According to the general procedure, the crude products obtained from the reaction using benzenesulfonyl chloride (0.51 ml, 4 mmol), pyridine (4 ml), and ethyl 4-aminobenzoate (1d) (330 mg, 2.0 mmol) were purified by silica gel column chromatography using AcOEt-hexane (1 : 4) as the eluent to give ethyl 4-[N,N-bis(phenylsulfonyl)amino]benzoate (3d) (103 mg, 12%) from the first fraction as colorless plates which were recrystallized from acetone-hexane and ethyl 4-[N-(phenylsulfonyl)amino]benzoate (2d) (540 mg, 86%) from the second fraction as colorless prisms which were recrystallized from acetone-hexane. 36 (3H, dq, Jϭ1.4, 7.1 Hz), 4.34 (2H, dt, Jϭ1.4, 7.1 Methylsulfonylation Reaction of 2-Aminobenzonitrile (1e) According to the general procedure, the crude products obtained from the reaction using methanesulfonyl chloride (0.16 ml, 2 mmol), pyridine (5 ml), and 2-aminobenzonitrile (1e) (118 mg, 1 mmol) were purified by silica gel column chromatography using AcOEt-hexane (1 : 3) as the eluent to give 2-[N,Nbis(methylsulfonyl)amino]benzonitrile (3e) (227 mg, 83%) from the first fraction as pale yellow plates which were recrystallized from acetonehexane and 2-[N-(methylsulfonyl)amino]benzonitrile (2e) (33 mg, 17%) from the second fraction as colorless plates which were recrystallized from acetone-hexane. 
Methylsulfonylation Reaction of 2-Nitroaniline (1f)
According to the General Procedure, the crude products obtained from the reaction using methanesulfonyl chloride (1.93 ml, 25 mmol), pyridine (20 ml), and 2-nitroaniline (1f ) (690 mg, 5 mmol) were purified by silica gel column chromatography using AcOEt-hexane (1 : 3) as the eluent to give N,N-bis-(methylsulfonyl)-2-nitroaniline (3fa) (985 mg, 67%) from the first fraction as pale yellow plates which were recrystallized from MeOH and N-(methylsulfonyl)-2-nitroaniline (2fa) (87 mg, 8%) from the second fraction as pale yellow plates which were recrystallized from acetone-hexane. 3fa: mp 148-149°C (lit. Phenylsulfonylation Reaction of 2-Nitroaniline (1f) According to the general procedure, the crude products obtained from the reaction using benzenesulfonyl chloride (2.0 ml, 15 mmol), pyridine (10 ml), and 2-nitroaniline (1f) (277 mg, 2 mmol) were purified by silica gel column chromatography using AcOEt-hexane (1 : 3) as the eluent to give N,N-bis(phenylsulfonyl)-2-nitroaniline (3fb) (81 mg, 10%) from the first fraction as colorless prisms which were recrystallized from MeOH and N-phenylsulfonyl-2-nitroaniline (2fb) (333 mg, 60%) from the second fraction as pale yellow plates which were recrystallized from acetone-hexane. According to the general procedure, the crude products obtained from the reaction using ptoluenesulfonyl chloride (1.24 g, 6.5 mmol), pyridine (25 ml), and 2-nitroaniline (1f) (420 mg, 3.0 mmol) were purified by silica gel column chromatography using AcOEt-hexane (1 : 3) as the eluent to give N,N-bis(p-tolylsulfonyl)-2-nitroaniline (3fc) (256 mg, 19%) from the first fraction as colorless prisms which were recrystallized from acetone-hexane and N-(p-tolylsulfonyl)-2-nitroaniline (2fc) (665 mg, 76%) from the second fraction as pale yellow plates which were recrystallized from acetone-hexane. Methylsulfonylation Reaction of 2-Aminopyridine (1g) According to the general procedure, the crude products obtained from the reaction using methanesulfonyl chloride (1.93 ml, 25 mmol), pyridine (20 ml), and 2-aminopyridine (1g) (651 mg, 6.93 mmol) were purified by silica gel column chromatography using AcOEt-hexane (1 : 2) as the eluent to give 2-[N,Nbis(methylsulfonyl)amino]pyridines (3g) (173.1 mg, 10%) from the first fraction as colorless plates which were recrystallized from acetone-hexane and 2-[N-(methylsulfonyl)]aminopyridine (2g) (631 mg, 53%) from the second fraction as colorless prisms which were recrystallized from CHCl 3 . Phenylsulfonylation Reaction of 2-Aminopyrimidine (1h) According to the general procedure, the crude products obtained from the reaction using benzenesulfonyl chloride (5.35 ml, 41.65 mmol) pyridine (40 ml), and 2-aminopyrimidine (1h) (792.5 mg, 8.33 mmol) were purified by silica gel column chromatography using AcOEt-hexane (1 : 2) as the eluent to give 2-[N,N-bis(phenylsulfonyl)amino]pyrimidine (3h) (89.3 mg, 3%) from the first fraction as colorless plates which were recrystallized from acetone-hexane and 2-[N-(phenylsulfonyl)amino]pyrimidine (2h) (1.6 g, 82%) from the second fraction as colorless prisms which were recrystallized from CHCl 3 . 3h: mp 210°C. IR (KBr): 1350, 1170 cm
